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— determine the mechanism(s) of energy loss

— determine the strength of the interactions
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hard scattering via particle probes
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heavy flavor

® collectivity and
suppression

® not expected from
radiative energy loss

® raises lots of questions:
® c/b mixture in e*
® correlations
® new theoretical ideas?
® initial state effects!?

® see M. Durham
(Thursday)

PRL 98 172301 2007
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heavy flavor
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double peak structure
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double peaks

Mach Cones , AdS/CFT
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double peaks

Mach Cones , AdS/CFT
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charm & bottom: theory
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knowledge of relative c¢/b contributions crucial for
understanding energy loss in Au+Au collisions
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quarks to electrons
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quarks to electrons

b— B fragmentation

c—> D fragmentatlon
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quarks to electrons

b— B fragmentation

c—> D fragmentatlon
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quarks to electrons
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charm vs. bottom: experiment

PHENIX PRL 103 082002 (2009)
STAR: PRL 105 202301 (2010)
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charm vs. bottom: experiment
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charm vs. bottom: experiment
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charm vs. bottom: experiment

® suppression large even as
electrons become dominated by
bottom at high pr
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charm vs. bottom: experiment

® suppression large even as
electrons become dominated by
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® b fraction well described by
FONLL

HF e en
Rya=(1—rB)R + TR,

£3
o9

o5 I:Djordjevic
0.7 1 1:Adil
0.6 lll:van Hees
0.5 o REHENIX (0-10 %)
0.4 @ CL 90 %
0.3/=
02|
0.1

% 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
C

R,
AA

bottom is suppressed?!

—

b— e/(c— e+b— e)
N

mm="

— 90% C.L.

p+p at\'s=200 GeV

1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1
6 7

Electron pT(GeV/c)

i’m ® e-h correlation
+_ 1 © e-D°correlation
- FONLL .
< 08 - FONLL uncertainty |
2 | e
0.6 N T
SRR
- [ M
0.4 é - * ¥ ] !
0.2 e ‘
;l>+p@2006ev1

41111
% 1 2 3 a4 5 86

PHENIX PRL 103 082002 (2009)
STAR: PRL 105 202301 (2010)

8 9
P, (GeV/c)

WWND 201 | Anne M. Sickles

February 7,201 |



Electron Measurement

PHENIX Detector
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West Beam Vie East
® clectron identification via KI&’H and EMCal

® residual hadron contamination: <|% p+p, <3% Au+Au
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two types of electrons

PHENIX, PRL 97 252002 (2006)
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two types of electrons

Heavy Flavor
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two types of electrons

Heavy Flavor
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inclusive electron correlations
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photonic electrons
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relative contributions
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inclusive electron correlations
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inclusive electron correlations
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inclusive electron correlations
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inclusive electron correlations
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jet-like correlations
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p+p alone...
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p+p alone...
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p+p alone...
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TABLE III: Mean transverse momentum of the parent D and B mesons contributing to the heavy-flavor electron pr bins used
here. They are combined according to the [raction of heavy-flavor electrons from b quarks, e according to the FONLL

Cretr D

calculations [E' (as shown in Ref. @'. to determine the mean heavy meson transverse momentum.

pr. (GeV/e) (pr)o (GeV/e) (pr) s (GeV/e) > 2 3= (PT)meson (GeV/e)
1.5-2.0 3.4 4.4 015 3.6
2.0-3.0 4.1 4.7 0.26 4.3
3.0-4.0 5.6 5.6 0.42 5.6
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combinatoric background
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combinatoric background
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absolute background subtraction

combinatoric background = bo(|+2v2avaiecos(2Ad))

C(Ad)

® bo can be calculated in HI collisions
(no fudge factors) w/ negligible
statistical errors

(o2

® depends on the centrality
fluctuations

Background

® generally very close to ZYAM,
however some significant advantages

® wide jets

® poor statistics 0 Ao n

AMS, McCumber, Adare PRC 81 014908 (2010)
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combinatoric background
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e-h: same side correlations
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e-h: same side correlations
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e-h: opposite side correlations
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e-h: opposite side correlations
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e-h: opposite side correlations
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shape modifications
“hadron triggers
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shape modifications
“hadron triggers
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shape modifications
“hadron triggers
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shape modifications
“hadron triggers
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shape modifications
“hadron triggers
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not

unexpected

heavy quark

production diagrams
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not unexpected

heavy quark production diagrams
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not unexpected

heavy quark production diagrams
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sizable contributions from NLO effects
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UMY Correlations @ UAI
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e-U correlations

® sensitive to correlated charm at forward/mid-rapidity

e-u*, e*-u” Azimuthal Correlations
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Near Term Future

® Silicon Vertex Detector
® e-h and e-e correlations to understand HF production
® here 500 GeV p+p data provides a good opportunity

® increased HF cross sections and different collision energy
-> useful input for understanding HI data at 200 GeV

WWND 201 | Anne M. Sickles February 7,201 |

28



sPHENIX

® jets offer huge rate advantages and a reduction of biases from
spectra & correlations

® however need a real jet detector for RHIC

® high rate, hadronic calorimetry, heavy flavor tagging, large
acceptance

® suited to systematic studies (system size, energy, etc)

r|=1 g 2m

80cm

40cm

i~£§; I , 10cm

“ I'=!||| —(F)VTX

Tracker
PreShower
EMCal
Solenoid
HCal

PbSc RICH

HCal PreShower Aerogel GEM-Tracker

see C. Aidala, Tuesday
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outlook
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outlook

® heavy flavor is one of the best tools to understand how
partons interact with the QGP
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outlook

® heavy flavor is one of the best tools to understand how
partons interact with the QGP

® experimentally very challenging

rate

charm & bottom mixture

different production configurations

measurement via single electrons
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outlook

® heavy flavor is one of the best tools to understand how
partons interact with the QGP

® experimentally very challenging
® rate
® charm & bottom mixture
e different production configurations
® measurement via single electrons
® investigations are still in their early stages
® vertex upgrades at RHIC & LHC provide big improvements!

® correlations will be key
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heavy flavor and the LHC
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heavy flavor and the LHC
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® ATLAS di-jet results and bottom suppression at RHIC
both point to the strong quenching ability of the
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bo determination

log(n)

—_—3 Same
Nevts === [\lixed

>
or N

part coll

AMS, McCumber, Adare PRC 81 014908 (2010)
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bo determination

log(n)
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RHIC vs. LHC

also different production mix

") Production processes in p-p

Flavour creation (FCR)

'\N\Q/\\/\ - '\//V)NV‘
g Z + virtual
corrections

Flavour excitation (FEX)

B 22 processes:

+ Flavour creation: gluon fusion and qq annihilation
® 23 processes:

+ Flavour Excitation: bb from the proton sea, only one
b participates to the hard scatter, asymmetric
transverse momentum for the two b-quarks

+ Gluon splitting: g— bb in initial or final state, b at
low pT and close in the azimuthal angle (A@)

+ Real and virtual corrections to Flavour creation

, ey —_—r =
7 rwig 6.4 S
vwv’r\;-’[(t 9wv~ He g 6 GSP 1 o5 §
FEX ®
Gluon splitting (GSP) e
B 100 1000 FCR
AN p; [GeV]
p 2 to 3 processes dominant at the LHC!
V. Chiochia (Uni. Zurich) - Measurement of inclusive b production at CMS - HP2010, Eilat - 14/10/2010 3
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A Roadmap for Hard Probes
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